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(54) Bioelectrical impedance measuring apparatus 



(57) Disclosed is a impedance measuring appara- 
tus which is easy to use, and which is guaranteed to be 
free of incorrect measurement caused by some joints 
appearing in the currentf lowing passage intervening be- 
tween two selected body parts and by the indefinite 
length between two selected body parts. The measuring 
apparatus of the present invention limits the place of the 
body under measurement to "one body region", i.e. a 
selected joint-to-joint body portion or joint-free body por- 
tion such as the forearm extending from the wrist to the 



elbow or the portion extending from the ankle to the 
knee, and comprises a housing having a contact surface 
to be applied to one selected body region; a first pair of 
measurement current supplying electrodes so placed 
on the contact surface that the one selected body region 
may be put in contact with the current electrodes; and 
a first pair of voltage measuring electrodes so placed on 
the contact surface between the pair of current elec- 
trodes that the one selected body region may be put in 
contact with the voltage electrodes. 
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Description 

Background of the Invention: 
Field of the Invention: 

[0001 ] The present invention relates to a bioelectrical 
impedance measuring apparatus which measures the 
bioelectrical impedance of a living body, and relates to 
a bioelectrical impedance measuring apparatus which 
measures body fat, body water, pulse, blood pressure 
and such like as well as a bioelectrical impedance of a 
living body. 

Prior Art: 

[0002] Some examples of conventional bioelectrical 
impedance measuring apparatus include a cable-con- 
nected electrode type of impedance meter 10, a hand- 
held electrode type of impedance meter 20, and a foot 
sole-contacting electrode type of impedance meter 30. 
As shown in Fig.1 , the cable-connected electrode type 
of impedance meter 1 0 has a pair of measurement cur- 
rent supplying electrodes 1 2a : 1 2b and a pair of voltage 
measuring electrodes 13a, 13b connected to its cables 
11 (hereinafter, a measurement current supplying elec- 
trode is called a "current electrode" and a voltage meas- 
uring electrode is called a 'Voltage electrode" in the 
specification and claims). In measuring bioelectrical im- 
pedance, these electrodes are attached on both hands, 
both feet or one hand and one foot to measure the bio- 
electrical impedance appearing therebetween. As 
shown in Fig.2, the hand-held electrode type of imped- 
ance meter 20 has a pair of current electrodes 22a, 22b 
and a pair of voltage electrodes 23a, 23b placed on its 
opposite grips 21a, 21b. In measuring bioelectrical im- 
pedance, these electrodes are gripped in both hands to 
measure the bioelectrical impedance appearing there- 
between. As shown in Fig.3, the foot sole-contacting 
electrode type of impedance meter 30 has a pair of cur- 
rent electrodes 32a, 32b and a pair of voltage electrodes 
33a, 33b placed on its platform 31 . A user who wants to 
measure his bioelectrical impedance stands on the plat- 
form, thus measuring the bioelectrical impedance ap- 
pearing between his feet. Thus, all of these apparatuses 
require that the bioelectrical impedance be measured 
by applying two pairs of electrodes to two selected body 
parts, such as both hands, both feet, or one hand and 
one foot. 

[0003] These conventional bioelectrical impedance 
measuring apparatuses measure bioelectrical imped- 
ance by applying two pairs of electrodes to two selected 
body parts, such as both hands, both feet or one hand 
and one foot, and therefore, there must be joints appear- 
ing in the current-flowing passage from one body part 
(or one electrode) to the other body part (or the other 
electrode), which was found by the inventor to be one 
major cause for incorrect measurement; during meas- 



urement the body sections may be bent or twisted at 
their joints, thus the object under measurement remains 
not stationary. 

[0004] The total distance (for example, two arm 
5 lengths plus the trunk width) from one selected body part 
(one hand) to the other (the other hand) varies signifi- 
cantly with individuals, and therefore, accurate meas- 
urements can be hardly expected. 
[0005] The handling of elongated cables and applying 
10 electrodes to selected body parts is inconvenient to use. 
[0006] One object of the present invention is to pro- 
vide an improved bioelectrical impedance measuring 
apparatus which is easy to use, and which is guaranteed 
to be free of incorrect measurement caused by some 
*s joints appearing in the current flowing passage interven- 
ing between two selected body parts and by the indefi- 
nite length between two selected body parts. 

Summary of the Invention: 

[0007] To attain this object the place of the body under 
measurement is limited to a selected joint-to-joint body 
portion (or joint-free body portion) such as the forearm 
extending from the wrist to the elbow or the portion ex- 
tending from the ankle to the knee. Such a selected joint- 
to-joint body portion is called "one body region" in the 
specification and claims. 

[0008] Specifically a bioelectrical impedance measur- 
ing apparatus according to a first aspect of the present 
invention comprises a housing having a contact surface 
to be applied to one selected body region, the housing 
having an alternating current supplying device, a volt- 
age measuring device and an arithmetic unit equipped 
therewith; a first pair of current electrodes so placed on 
the contact surface that the one selected body region 
may be put in contact with the current electrodes; and 
a first pair of voltage electrodes so placed on the contact 
surface between the pair of current electrodes that the 
one selected body region may be put in contact with the 
voltage electrodes; the alternating current supplying de- 
vice supplying the first pair of current electrodes with 
alternating current; the voltage measuring device meas- 
uring the voltage appearing between the pair of voltage 
electrodes; and the arithmetic unit calculating the bioe- 
lectrical impedance from the supplying alternating cur- 
rent and the measured voltage. 

[0009] The housing may include a rest whose upper 
surface defines the contact surface to be applied to the 
one selected body region, the contact surface being like 
a semi-cylindrical trough, and the current and voltage 
electrodes being so curved that they may be almost co- 
planar with the semi-cylindrical contact surface. 
[0010] The bioelectrical impedance measuring appa- 
ratus may further comprises a cover member capable 
of pushing the one selected body region against the two 
pairs of electrodes. 

[0011] A second pair of current electrodes and a sec- 
ond pair of voltage electrodes may be placed on the sur- 
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face of the cover member which surface confronts the 
contact surface of the rest, the second electrodes being 
arranged in the same order and at same intervals as the 
counter first electrodes, thus sandwiching the one se- 
lected body region therebetween; and the alternating 
current supplying device may supply one and same al- 
ternating current to the first and second pairs of current 
electrodes simultaneously, making the two sets of con- 
fronting current electrodes function as a single compos- 
ite pair of current electrodes; and the voltage measuring 
device may measure the voltage appearing between the 
first and second pairs of voltage electrodes, making the 
two sets of confronting voltage electrodes function as a 
single composite pair of voltage electrodes. 
[0012] The bioelectrical impedance measuring appa- 
ratus may further comprise a positioning member which 
permits the one selected body region to be put in correct 
position, the positioning member being capable of ef- 
fecting so positional adjustment as to fit on the one se- 
lected body region. 

[001 3] The one selected body region may be the right 
or left forearm, and the positioning member is a hand 
grip and/or an elbow rest. 

[0014] The housing may include a rest whose upper 
surface defines the contact surface to be applied to the 
one selected body region, and a cover member pivotally 
fixed to one longitudinal edge of the rest, thereby per- 
mitting the one selected body region to be sandwiched 
between the rest and the cover member which is put in 
its closed position; and the first pairs of current and volt- 
age electrodes may be placed on the surface of the cov- 
er member instead of the contact surface to push the 
two pairs of electrodes against the one selected body 
region lying on the contact surface of the rest. 
[0015] The bioelectrical impedance measuring appa- 
ratus may further comprise a positioning member which 
permits the one selected body region to be put in correct 
position, the positioning member being capable of ef- 
fecting so positional adjustment as to fit on the one se- 
lected body region. 

[001 6] The one selected body region may be the right 
or left forearm, and the positioning member is a hand 
grip and/or an elbow rest. 

[001 7] The one selected body region may be the right 
or left forearm. 

[0018] The one selected body region may be the part 
of the right or left leg below the knee and above the an- 
kle. 

[0019] The bioelectrical impedance measuring appa- 
ratus may further comprise a display placed on a select- 
ed place of the housing other than the contact surface. 
[0020] The housing may be so shaped and sized that 
a user can hold it in one hand while applying the contact 
surface to the one selected body region, still permitting 
the display to remain in sight. 

[0021 ] The housing may have indentations formed on 
its opposite sides, on which indentations the fingers are 
placed, thereby facilitating the holding of the housing in 



one hand. 

* [0022] The display may be so arranged that the ver- 
tical direction of the display is orthogonally traverse to 
the direction in which the first pairs of current and volt- 
5 age electrodes are aligned side by side, thereby facili- 
tating the seeing of the information appearing in its 
screen. 

[0023] The housing may have a display placed at a 
selected place other than the contact surface and a grip 
10 portion; and a recess may be so formed between the 
first pair of voltage electrodes that the contact surface 
space is reduced. 

[0024] The housing may be so shaped and sized that 
a user can hold it with one hand while applying the con- 
15 tact surface to the one selected body region, still permit- 
ting the display to remain in sight. 
[0025] The grip portion may be so formed to surround 
the recess, thereby facilitating the holding of the housing 
in one hand. 

20 [0026] The display may be so arranged that the ver- 
tical direction of the display is orthogonally traverse to 
the direction in which the first pairs of current and volt- 
age electrodes are aligned side by side, thereby facili- 
tating the seeing of the information appearing in its 

25 screen. 

[0027] The arithmetic unit may further calculate at 
least one of body fat, body water, pulse, or blood pres- 
sure. 

[0028] The alternating current supplying device may 

30 supply a plurality of alternating currents of different fre- 
quencies; the voltage measuring device may measure 
the voltage every time when an alternating current of 
selected frequency is supplied; and the arithmetic unit 
may calculate the bioelectrical impedance values from 

35 each alternating current and corresponding voltage. 
[0029] The alternating current supplying device may- 
supply an alternating current of a single frequency; the 
voltage measuring device may further measure the 
phase of the voltage measured by it; and the arithmetic 

40 unit may further calculate the phase difference between 
the phase of the supplying alternating current and the 
phase of the measured voltage. 
[0030] The arithmetic unit may further calculate at 
least one of the ratio between extra-cellular water and 

45 intra-cellular water, the ratio of body water and extra- 
cellular water, intra-cellular water, extra-cellular water, 
body water, or body fat. 

[0031 ] Other objects and advantage of the present in- 
vention will be understood from the following description 
50 of some preferred embodiments, which are shown in ac- 
companying drawings: 

Fig.1 illustrates a conventional cable-connected 
electrode type of bioelectrical impedance measur- 
55 ing apparatus; 

Fig.2 illustrates a conventional hand-held electrode 
type of bioelectrical impedance measuring appara- 
tus; 
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Fig.3 illustrates a conventional foot sole-contacting 
electrode type of bioelectrical impedance measur- 
ing apparatus; 

Fig.4 shows the external appearance of a bioelec- 
trical impedance measuring apparatus according to 5 
the first embodiment of the present invention; 
Fig.5 illustrates the major parts installed in the hous- 
ing of the bioelectrical impedance measuring appa- 
ratus of Fig.4; 

Fig.6 is a flow chart showing a series of actions tak- 10 
en for measuring the bioelectrical impedance with 
the bioelectrical impedance measuring apparatus 
of Fig.4; 

Fig.7 illustrates an initial screen image initially ap- 
pearing in the display of the bioelectrical impedance *s 
measuring apparatus of Fig.4; 
Fig.8 shows an equivalent circuit representing bio- 
electrical impedance; 

Fig. 9 shows one example of locus which the points 
of bioelectrical impedance vectors follow; 20 
Fig.1 0 shows a certain domain in which normal val- 
ues of bioelectrical impedance can be given in 
terms of resistive and reactive components; 
Fig.1 1 shows one example of locus which the points 
of bioelectrical impedance vectors follow; 25 
Fig.1 2 shows the external appearance of a bioelec- 
trical impedance measuring apparatus according to 
the second embodiment of the present invention; 
Fig.1 3 shows the external appearance of a bioelec- 
trical impedance measuring apparatus according to 30 
the third embodiment of the present invention; 
Fig.1 4 shows the external appearance of a bioelec- 
trical impedance measuring apparatus according to 
the forth embodiment of the present invention; 
Fig.1 5. shows the external appearance of a bioe- 35 
lectrica! impedance measuring apparatus accord- 
ing to the fifth embodiment of the present invention; 
Fig.1 6 shows the external appearance of a bioelec- 
trical impedance measuring apparatus according to 
the sixth embodiment of the present invention; 40 
Fig.1 7 shows the bottom side of a bioelectrical im- 
pedance measuring apparatus according to the 
seventh embodiment of the present invention; 
Fig.1 8 shows the top side of a bioelectrical imped- 
ance measuring apparatus of Fig.1 7; 45 
Fig.1 9 shows the external appearance of a bioelec- 
trical impedance measuring apparatus according to 
the eighth embodiment of the present invention; 
Fig.20 shows the top side of a bioelectrical imped- 
ance measuring apparatus according to the ninth so 
embodiment of the present invention; 
Fig.21 shows the bottom side of the bioelectrical im- 
pedance measuring apparatus of Fig.20; 
Fig.22 shows how the bioelectrical impedance is 
measured with the bioelectrical impedance meas- 55 
uring apparatus of Fig.20; and 
Fig.23 shows the external appearance of a bioelec- 
trical impedance measuring apparatus according to 



the tenth embodiment of the present invention. 
Description of Preferred Embodiments: 

First Embodiment 

[0032] Fig.4 shows the external appearance of a bio- 
electrical impedance measuring apparatus according to 
the first embodiment as viewed from a user, showing 
how some parts are arranged on the top of the housing 
41 . The measuring apparatus 40 is designed to meas- 
ure the bioelectrical impedance appearing between two 
points selected on the forearm. The housing 41 is of sub- 
stantially rectangular-planar shape as a whole. The left 
side of the housing 41 comprises a forearm rest 42 ex- 
tending from the front to rear side of the housing 41 , and 
the upper surface of the forearm rest 42 looks like a 
semi-cylindrical trough. A current electrode 43b, a volt- 
age electrode 44b, another voltage electrode 44a and 
another current electrode 43a are parallel-fixed on the 
semi-cylindrical surface of the trough in the order 
named. Each electrode 43a, 44a, 44b or 43b traverses 
the longitudinal direction of the forearm rest 42, and the 
electrode is so curved in conformity with the semi-cylin- 
drical surface that they may be almost coplanar there- 
with. 

[0033] An extendable slider 45 having a flat plate 
shape is provided on the rear side of the housing 41 . 
The slider 45 extends in the direction in which the elec- 
trodes 43a, 44a, 44b and 43b are arranged side by side. 
A stick-like grip 46 stands upright from the rear end of 
the slider 45. The grip 46 can move back and forth an 
adjustable distance from the rear end of the housing 41 
in the longitudinal direction of the forearm rest 42. On 
the right side of the housing 41 there are provided a dis- 
play part 47, input keys 48, a power "ON" key 49a and 
a power "OFF" key 49b. The display part 47 shows some 
helpful guidance of operation, the progressing of meas- 
urement, the results of measurement, the results of 
arithmetic operation, and such like. The input keys 48 
enables the user to input data such as instructions for 
controlling the measuring apparatus 40 and the user's 
personal particulars required for measurements. The 
power "ON" key 49a and the power "OFF" key 49b en- 
able the user to make the measuring apparatus 40 turn 
on and off. 

[0034] Fig.5 illustrates the major parts installed in the 
housing 41 of the bioelectrical impedance measuring 
apparatus according to the first embodiment. As seen 
from the drawing, these parts are grouped in two sec- 
tions (broken lines): the first section takes the roles of 
control, arithmetic operation, and input-output of data 
whereas the second section takes the roles of measure- 
ment of bioelectrical impedance and A/D conversion. 
[0035] The first section includes a control-and-arith- 
metic unit 51 , a ROM 52, a RAM 53, a nonvolatile aux- 
iliary memory 54, a display device 55, an external input- 
output interface 56, an external interface terminal 57, a 
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key-operated input device 58, a clock 59, a modem built- 
in communication device 60, a power distributor 61 and 
a power supply terminal 62. 

[0036] The control-and-arithmetic unit 51 performs 
the controlling of measurement and the processing of 
the results of measurement. The ROM 52 stores pro- 
grams and some parameters for control and arithmetic 
operations. The RAM 53 temporarily stores the results 
of measurement or acquired data, the results of arith- 
metic operations, the data derived from external devic- 
es, selected programs and such like. The auxiliary mem- 
ory 54 stores the acquired data, the results of arithmetic 
operations, some parameters relating to measurements 
and such like. The display device 55 is connected to the 
display part 47 and shows on the display part 47 some 
helpful guidance of operation, the progressing of meas- 
urement, the results of measurements, the results of 
arithmetic operations and such like. The external Input- 
output interface 56 permits some parameters relating to 
measurement and the results of measurements to be 
transferred to external devices, and inversely it permits 
some parameters relating to measurement, instructions 
for controlling measurement, control programs and such 
like to be supplied from external devices. The external 
input-output interface 56 can be connected to given ex- 
ternal devices via the external interface terminal 57. The 
key-operated input device 58, in responsive to the de- 
pression of the input keys 48 connected thereto, inputs 
data such as instructions for controlling the measuring 
apparatus 40 and user's personal particulars required 
for measurement. The clock 59 measures on what day 
and time each measurement is made, recording such 
day and time for later use. The communication device 
60 transmits the results of measurements and some 
derivations therefrom to other computers via telephone 
lines. The power distributor 61 , in responsive to the de- 
pression of the power "ON" key 49a or the power "OFF 
key 49b connected thereto, starts or stops electric pow- 
er supply from an external power supply via the terminal 
62 to each part of the measuring apparatus 40. 
[0037] The second section includes an AC signal gen- 
erator 63, an AC current output device 64, a reference 
AC current detecting device 65, paired AC current out- 
put terminals 66a and 66b connected to the paired cur- 
rent electrodes 43a and 43b respectively, a first A/D con- 
verter 67, the paired voltage measurement terminals 
68a and 68b connected to the paired voltage electrodes 
44a and 44b respectively, a voltage detecting device 69 
and a second A/D converter 70. 

[0038] The AC signal generator 63 provides a plurality 
of alternating current signals of different frequencies 
which are determined according to the control program 
stored in the ROM 52 or the RAM 53. Such alternating 
currents of different frequencies are directed to the AC 
current output device 64, in which their effective values 
are modified according to the control program stored in 
the ROM 52 or the RAM 53, and then the so modified 
alternating currents are directed to the reference AC 
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current detecting device 65. The device 65 provides the 
alternating currents of different frequencies sequentially 
at its output terminals 66a and 66b, so that a selected 
alternating current may be made to flow in one's body 

5 via the paired current electrodes 43a and 43b. At the 
same time the device 65 detects the quantity of the al- 
ternating current flowing in the body, the analogue value 
of which alternating current is converted to a corre- 
sponding digital value in the first A/D converter 67. On 

10 the other hand the voltage detecting device 69 receives 
at its input terminals 68a and 68b a signal representing 
the voltage appearing between the paired voltage elec- 
trodes 44a and 44b, which are applied to two points se- 
lected on the body. Thus, the voltage is detected in the 

15 voltage detecting device 69, and the so detected voltage 
is converted to a corresponding digital value in the sec- 
ond A/D converter 70. 

[0039] Fig. 6 shows a flow chart illustrating a series of 
actions taken for measuring the bioelectrical impedance 
20 with the measuring apparatus shown in Fig.4. A user 
depresses the power "ON" key 49a at step 1 , thus ini- 
tializing the measuring apparatus 40 at step 2. Then, the 
initial screen image of Fig.7 appears on the display part 

47 at step 3. At step 4 a check is made on whether the 
25 user's personal particulars including sex, height, weight, 

age have been already inputted. In the affirmative case, 
the proceeding goes to step 8. In the negative case the 
proceeding goes to step 5, at which a blanked screen 
image for inputting user's personal particulars appear 

30 on the display part 47. Immediately after the user fills , 
the blanks with his personal particulars by depressing 
the input keys 48 at step 6, the initial screen image ap- 
pears on the display part 47 again at step 7, and then 
the proceeding goes to step 8. 

35 [0040] At step 8 the user can select a desired item 
among "measurement", "graphical representation" and 
"communication" simply by depressing the input keys 

48 to input "1", "2" or "3" allotted to such functions ap- 
pearing in the screen image of Fig.7. Specifically when 

40 the user selects the number "1" to put the whole appa- 
ratus to stand by for measurement, the screen image 
having blanks filled with user's personal particulars ap- 
pears for confirmation at step 9, thus allowing the user, 
to make some modification on selected personal partic- 

45 ulars, if necessary at step 1 0. Then the proceeding goes 
to stepl 1 , at which the user puts the whole apparatus in 
front of him with the forearm rest 42 on his left side, and 
then he puts his forearm on the forearm rest 42 while 
fitting the extendable length of the slider 45 to his fore- 

so arm length. In this position his forearm is put in contact 
with the two pairs of electrodes 43a, 44a, 44b and 43b 
while holding the grip 46 in his hand. Either forearm may 
be put on the forearm rest 42 for measurement although 
the left forearm is convenient; the user can use his right 

55 hand while depressing the input keys 48 on the right 
side. Now, the user depresses the input keys 48 to start 
the measurement. 

[0041] The upper surface of the forearm rest 42 is like 
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a semi-cylindrical trough, and the electrodes are so 
curved that they may be almost coplanar with the semi- 
cylindrical surface, thereby allowing the forearm' to be 
put in close contact with the electrodes 43a, 44a, 44b, 
43b. Further, the grip 46 has the effect of orienting and 
keeping the forearm in correct position while effecting a 
required measurement. This assures that the forearm 
may take same position at each and every occurrence 
of measurement. 

[0042] Putting the forearm on the forearm rest 42 per- 
mits the forearm to be put in contact with the electrodes 
43a, 44a, 44b, 43b, which eliminates the inconvenienc- 
es of handling elongated cables and applying electrodes 
to the forearm in making a required measurement. Thus, 
the measuring apparatus 40 is very convenient to use. 
[0043] At step 12 the bioelectrical impedance is 
measured as follows. The AC signal generator 63 pro- 
duces automatically an alternating current signal having 
a frequency determined in terms of some measurement 
parameters. These parameters are pre-stored in the 
ROM 52, or are stored in the RAM 53 after being trans- 
ferred from the auxiliary memory 54 or the external in- 
put-output interface 56. The alternating current of the so 
determined frequency is directed to the AC current out- 
put device 64, where the effective value of the alternat- 
ing current is modified according to similar measure- 
ment parameters. The so controlled alternating current 
passes through the reference AC current detecting de- 
vice 65, the paired AC current output terminals 66a and 
66b and the paired current electrodes 43a and 43b, flow- 
ing in the body. Then, the quantity of the alternating cur- 
rent flowing in the body is detected by the reference AC 
current detecting device 65, the analog value of which 
alternating current is converted to a corresponding dig- 
ital value in the first A/D converter 67. The digital value 
is stored in the RAM 53. 

[0044] On the other hand, a signal representing the 
voltage appearing between the paired voltage elec- 
trodes 44a and 44b, which are applied to two points se- 
lected on the body, is supplied to the voltage detecting 
device 69 via the paired voltage measurement terminals 
68a and 68b. In the device 69 the voltage appearing be- 
tween the paired voltage electrodes 44a and 44b is de- 
tected, and the so detected voltage is converted to a 
corresponding digital value in the second A/D converter 
70, so that the digital value is stored in the RAM 53. The 
arithmetic-and-control unit 51 calculates the bioelectri- 
cal impedance based on the digital values from the first 
and second A/D converters 67 and 70. Repeating the 
above mentioned procedure, a series of bioelectrical im- 
pedance values are measured by using alternating cur- 
rents of different frequencies Fi ( i=1 , 2, — , n) one after 
another. 

[0045] Now, the proceeding goes to step 13, in which 
arithmetic operations using the bioelectrical impedance 
values measured at step 12 are executed to calculate 
an equation representing a locus of bioelectrical imped- 
ance vectors, which locus is drawn by plotting their 



points, and some variables relating to the so calculated 
locus. 

[0046] Ordinarily a bioelectrical impedance can be ex- 
pressed equivalently by a lumped-constant circuit, 
s which consists of extra-cellular water resistance Re, in- 
tra-cellular water resistance Ri, and cell membrane ca- 
pacitance Cm as shown in Fig. 8. The locus of bioelec- 
trical impedance values actually measured, however, is 
not in conformity with a semicircular locus drawn theo- 
10 retically from the impedance values, which are deter- 
mined from the equivalent circuit whose components 
are given in the form of lumped constant elements. Be- 
cause all cells of a living body cannot be expressed by 
one and same equivalent circuit; specifically each cell 
is has a different shape and characteristic, and should be 
expressed by a different equivalent circuit allotted only 
to the same, particular eel I for exclusive use. As a matter 
of fact, the locus of bioelectrical impedance vectors ac- 
tually measured is given by an arc determined according 
20 to Cole-Cole model. 

[0047] One example of arc-like locus determined from 
Cole-Cole model is shown in Fig. 9, in which the abscis- 
sa (X-axis) and the ordinate (Y-axis) represent the re- 
sistive component and reactive component of the bioe- 
25 lectrical impedance respectively. As the reactive com- 
ponent of the bioelectrical impedance is capacitive, and 
is given by a negative value, the locus of bioelectrical 
impedance is located below the X-axis. As the calculat- 
ed locus of bioelectrical impedance is assumed to be in 
conformity with circular arc shape, the points of bioelec- 
trical impedance Z 1s Z 2 , — , Z N actually measured in 
terms of frequencies F 1t F 2 , F N follow a selected part 
of the circumference of a circle, which is given by the 
following equation (1): 

(X-a) 2 +(Y-b) 2 =r 2 (1) 

, where "a" and "b" are the abscissa and ordinate of the 
center of the circle, and V stands for the radius of the 
circle. The values of "a", "b" and V can be given by 
putting the impedance values Z 1? Z 2 , Z N actually 
measured in terms of frequencies F^ F 2> — , F N in equa- 
tion (1). 

[0048] Equation (1 ) is rewritten in terms of "X": 

X = a ± Jr 2 - b 2 (2) 

The X-axis traverses the circle represented by equation 
(1) at the intersections R0 and Rinf (R0 > Rinf), which 
intersections can be given by equations (3) and (4): 

R0 = a + Vr 2 - b 2 (3) 
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Rinf = a 



Re and Ri of an equivalent circuit in Fig. 8 can be given 
by equations (5) and (6): 



Re=RO 



Ri=RO • Rinf/(RO-Rinf) 



[0049] The characteristic bioelectrical impedance 
vector Zc appears in measurement by making an alter- 
nating current of characteristic frequency Fc to flow in 
the body. Its reactive component has a maximum abso- 
lute value on the locus of bioelectrical impedance. The 
abscissa and ordinate of the characteristic bioelectrical 
impedance are given by: 



X=a 



Y-b-r 



Zc is represented by equation (9): 



Zc=Rc+jXc=a+j(b - r) 



, where Rc and Xc stand for the resistive and reactive 
components of Zc. 

[0050] Bioelectrical impedance vectors for given an- 
gular frequencies to can be calculated on the basis of 
Cole-Cole model, and are given by equation (10): 



Z(©) = 



RO-Rinf 
1 +0co x) p 



, where Z(o>) stands for bioelectrical impedance vector 
forco; and x and p are constants. Following equation (11) 
results by putting 1/coc as a substitute for T in equation 
(10): 



Z(co) = 



RO-Rinf 



P 



1+(jco c ) 

, where a> c is equal to 2 n Fc. Fc and 0 can be calculated 
from equation (11) by using the measured value of bio- 
electrical impedance. 

[0051] From the equation of the bioelectrical imped- 
ance locus, and from the derivations from measured val- 
ues of bioelectrical impedance, such as R0, Rinf, Re, 
Ri, Zc, Rc, Xc, Fc, and such like, the weight each of fol- 



lowing body compositions can be calculated: extra-cel- 

(4) lular water, intra-cellular water, total body water (a sum 
of extra-cellular water plus intra-cellular water), body fat, 
fat free mass (which can be obtained by subtracting the 
body fat from the body weight) and such like. Further, 
from these calculated composition weights, following 
variables can be obtained: a ratio between intra-cellular 

( 5 ) water and extra-cellular water, a ratio between extra-cel- 
lular water and total body water, the state of thirst of body 

10 (which can be determined from total body water percent- 

( 6 ) age), body fat percentage and such like. 

[0052] Then the proceeding goes to step 14, where 
the measured values and the derivations therefrom ap- 
pears on the display part 47. At step 1 5 the measured 
values and the derivations therefrom may be stored in 
the auxiliary memory 54 or such data may be transferred 
to external devices via the external input-output inter- 
face 56. Then at step 1 6, where if the user inputs a re- 
measuring command by depressing the input keys 48, 
the proceeding goes back to step 1 1 , from which another 
series of actions taken for measurement are executed 
again. If the user inputs a graphic representation com- 
mand instead of the re-measuring command by de- 
pressing the input keys 48, the proceeding goes to step 
17, where the retro-graphic representation of the values 
measured before and the derivations therefrom appears 
on the display part 47. At step 18, the depression of the 
power "OFF" key 49b makes the measuring apparatus 
40 turn off, finishing the measurement. 
[0053] The following description returns to and begins 
with step 8. At step 8 when the user inputs the number 
"2" allotted to "graphical representation" by depressing 
the input keys 48, the proceeding goes to step 1 9, where 
selected data and parameters for display are retrieved 
from the auxiliary memory 54. Then, at step 17 as de- 
scribed above the predetermined data appears on the 
display part 47. At step 1 8 as described above the de- 
pression of the power "OFF" key 49b makes the meas- 

(10) uring apparatus 40 turn off, finishing the measurement. 
[0054] Likewise, at step 8 when the user inputs the 
number "3" allotted to "communication" by depressing 
the input keys 48, the proceeding goes to step 20, where 
selected data and parameters are retrieved from the 
auxiliary memory 54. At step 21 , these data and param- 
eters are transmitted to a selected external data proc- 
essor via telephone lines. Such data may include: the 
values of bioelectrical impedance and other measured 

(11) values (voltage, phase difference therebetween, and 
date and time of measurement, etc.); derivations there- 
to from (R0, Rinf, Re, Ri, Zc, Rc, Xc, or Fc, etc.); weights 

of body compositions (intra-cellular water extra-cellular 
water, total body water, fat free mass or body fat, etc.); 
a variety of index values of edema (extra-cellular water, 
ratio between intra-cellular water and extra-cellular wa- 
55 ter, ratio between extra -eel lular water and total body wa- 
ter, etc.); personal particulars (identification number, 
name, sex, age, height, body weight, etc.) and so on. At 
step 1 8 as described above the depressions of the pow- 
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erOFF key 49b makes the measuring apparatus 40 turn 
off, finishing the measurement. 
[0055] Instead of measuring the bioelectrical imped- 
ance in terms of alternating currents of a plurality of fre- 
quencies at the steps 12 and 13 as described above, 
the bioelectrical impedance may be simply measured in 
terms of an alternating current of a single frequency. In 
that case, at step 1 2, an alternating current of single fre- 
quency F 1 in place of the plurality of frequencies is made 
to flow in the body to measure the bioelectrical imped- 
ance value and the phase difference between the ap- 
plied alternating current and the measured voltage ap- 
pearing between two points selected on the body. 
[0056] At step 13 a decision is made on the bioelec- 
trical impedance value Z 1 measured for the frequency 
^1 in terms of whether it is in a normal impedance do- 
main (see the graph of Fig. 10 plotted for 50 KHz, ab- 
scissa: resistive value R and ordinate: reactive value X), 
in which normal values of bioelectrical impedance would 
exist. If the bioelectrical impedance value Zj is not within 
the domain, it is supposed to be abnormal, and then, 
some variables relating to the locus of bioelectrical im- 
pedance vectors are obtained from the measured value 
of bioelectrical impedance as follows. 
[0057] As described the above, the locus of bioelec- 
trical impedance vectors actually measured is assumed 
to be in conformity with circular arc shape. The bioelec- 
trical impedance Z 1 is located on a selected point of the 
circumference of the circle as shown in Fig.1 1 , in which 
the abscissa (X-axis) and the ordinate (Y-axis) repre- 
sent the resistive component and reactive component 
of the bioelectrical impedance respectively. 
[0058] A bioelectrical impedance value for a given an- 
gular frequency coF is given by: 



Z(«>F) = 



1 + (jo>F / <d0)' 



3' 



(12) 



where a>0 and p are constants. Following equation (13) 
results by substituting 1 for p in equation (12): 



ing to the second embodiment as viewed from a user. 
In the drawing, the same parts as those shown in Fig.4 
are indicated by the same reference numerals. This 
measuring apparatus 80 is designed to measure the bio- 
5 electrical impedance appearing between two points se- 
lected on the forearm as in the aforementioned first em- 
bodiment. As shown in Fig.12, an extendable slider 81 
having a flat plate for elbow rest 82 is provided on the 
front side of the housing 41 as a substitute for the fore- 
10 arm slider 45 of the first embodiment. The slider 81 ex- 
tends in the direction in which the electrodes 43a, 44a, 
44b and 43b are arranged side by side. The elbow rest 
82 in this particular embodiment takes the role of the 
stick-like grip 46 in the extendable slider 45 in the first 
15 embodiment. The elbow rest 82 comprises elbow-appli- 
cation piece 82a integrally connected to the semicircular 
end of the flat plate 81 and a circular elbow pad 82b laid 
in the vicinity of the elbow-application piece 82a. The 
elbow rest 82 can move back and forth to be an adjust- 
20 able distance apart from the front end of the housing 41 
in the longitudinal direction of the forearm rest 42. The 
other parts arranged on the surface of the housing 41 
are same as those of the first embodiment (see Fig.4). 
[0061] The major parts installed in the housing 41 are 
25 same as those of the first embodiment (see Fig.5). 
[0062] In this particular embodiment, the series of ac- 
tions taken for measuring the bioelectrical impedance 
are similar to those in the first embodiment (see Fig.6) 
except for step 11 , which is modified as follows: the user 
30 puts his forearm on the forearm rest 42 while fitting the 
extendable length of the slider 81 to his forearm length. 
In this position his forearm is put in contact with the elec- 
trodes 43a, 44a, 44b and 43b with his elbow applied to 
the elbow application piece 82a and the elbow pad 82b. 
35 As may be realized, the elbow rest 82 has the effect of 
orienting and keeping the forearm in correct position 
while effecting a required measurement. This assures 
that the forearm takes same position at each and every 
occurrence of measurement. 

40 

Third Embodiment 



Z(coF) = 



1 



1 + jco F / g>0 



(13) 



[0059] From the measured value of bioelectrical im- 
pedance, the measured phase difference and resistive 
value calculated on the basis of the measured voltage 
and applied current, the weights of body compositions 
such as total body water, fat free mass, body fat, and 
such like can be calculated. From these calculated com- 
position weights, variables such as body fat percentage 
can be obtained. 

Second Embodiment 

[0060] Fig.12 illustrates the external appearance of a 
bioelectrical impedance measuring apparatus accord- 



[0063] Fig. 1 3 shows the external appearance of a bio- 
electrical impedance measuring apparatus according to 

45 the third embodiment as viewed form a user. In the draw- 
ing, the same parts as those of the first embodiment are 
identified by the same reference numerals (see Fig.4). 
This measuring apparatus 90 is also designed to meas- 
ure the bioelectrical impedance appearing two points 

50 selected on the forearm as in the aforementioned first 
embodiment. The measuring apparatus 90 is a modifi- 
cation of first embodiment of Fig.4, which additionally 
includes a cover member 91 . The cover member 91 is 
pivotally fixed to one longitudinal edge of the forearm 

55 rest 42, looking like a semi-cylindrical dome in its closed 
position and extending in the direction in which the elec- 
trodes 43a, 44a, 44b and 43b are arranged side by side. 
Preferably the cover member 91 can be rotated about 
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its pivot axle with counter friction large enough to cause 
the user to feel some pleasing resistance when he rais- 
es his forearm. The other parts arranged on the surface 
of the housing 41 are same as those of the first embod- 
iment (see Fig.4). 

[0064] The major parts installed in the housing 41 of 
the measuring apparatus 90 are same as those of the 
first embodiment (see Fig .5). 

[0065] In this particular embodiment, the series of ac- 
tions taken for measuring the bioelectrical impedance 
of this embodiment are similar to those of the aforemen- 
tioned first embodiment (see Fig. 6), except for step 11 . 
At step 11 the user puts the whole apparatus in front of 
him with the forearm rest 42 on his left side. Then, he 
opens the cover member 91 pivotally and puts his fore- 
arm on the forearm rest 42 while fitting the extendable 
length of the slider 45 to his forearm length. In this po- 
sition his forearm is put in contact with the two pairs of 
electrodes 43a, 44a, 44b and 43b while holding the grip 
46 in his hand. Eitherforearm may be put on the forearm 
rest 42 for measurement although the left forearm is 
convenient; the user can use his right hand while de- 
pressing the input keys 48, or opening or closing the 
cover member 91. Then, he closes the cover member 
to sandwich his forearm between the cover member 91 
and the forearm rest 42, thus pushing his forearm lying 
on the forearm rest 42 against the electrodes 43a, 44a, 
44b, 43b. 

[0066] In this measuring apparatus 90, the upper sur- 
face of the forearm rest 42 is like a semi-cylindrical 
trough, and the electrodes are so curved that they may 
be almost coplanar with the semi-cylindrical trough like 
surface. The cover member 91 is provided to push his 
forearm lying on the forearm rest 42 to the electrodes. 
It can be rotated about its pivot axle with counter friction 
large enough to cause the user to feel some pleasing 
resistance when he raises his forearm. The ceiling of 
the cover member 91 , which ceiling confronts the fore- 
arm rest 42 in its closed position, has a semi-cylindrical 
shape. These assures that the forearm can be put in 
close contact with the electrodes. The cover member 91 
also has the effect of making the forearm under meas- 
urement stationary. 

[0067] The grip 46 has the effect of orienting and 
keeping the forearm in correct position while effecting a 
required measurement, which assures that his forearm 
may take same position at each and every occurrence 
of measurement. 

[0068] Putting the forearm on the forearm rest 42 per- 
mits the forearm to be put in contact with the electrodes 
43a, 44a, 44b, 43b, which eliminates the inconvenienc- 
es of handling elongated cables and applying electrodes 
to the forearm in making a required measurement. Thus, 
the measuring apparatus 90 is very convenient to use. 

Fourth Embodiment 

[0069] Fig. 1 4 shows the external appearance of a bio- 



electrical impedance measuring apparatus according to 
the forth embodiment as viewed from a user. In the 
drawing, the same parts as those of the second and third 
embodiment are identified by the same reference nu- 

5 merals (see Figs. 12 and 13). The measuring apparatus 
1 00 is also designed to measure the bioelectrical imped- 
ance appearing two points selected on the forearm as 
in the aforementioned first embodiment. The measuring 
apparatus 100 is a modification of third embodiment 

10 (see Fig.1 3), which includes an extendable slider 81 and 
an elbow rest 82 as a substitute for the forearm slider 
45 and the grip 46 of the third embodiment. The extend- 
able slider 81 and the elbow-rest 82 are similar to those 
of the second embodiment (see Fig.1 2). The other parts 

is arranged on the surface of the housing 41 are same as 
those of the third embodiment (see Fig.1 3). 
[0070] The major parts installed in the housing 41 are 
same as those of the third (or first) embodiment (see 
Fig.5). 

20 [0071 ] In this particular embodiment, the series of ac- 
tions taken for measuring the bioelectrical impedance 
of this embodiment are similar to those of the aforemen- 
tioned third embodiment (see Fig. 6), except for step 1 1 . 
At step 11 the user puts his forearm on the forearm rest 

25 42 while fitting the extendable length of the slider 81 to 
his forearm length. In this position his forearm is put in 
contact with the two pairs of electrodes 43a, 44a, 44b 
and 43b with his elbow applied to the elbow-application 
piece 82a and the elbow pad 82b. 

30 [0072] The elbow rest 82 has the effect of orienting 
and keeping the forearm in correct position while effect- 
ing a required measurement, which assures that the 
forearm may take same position at each and every oc- 
currence of measurement. 

35 

Fifth embodiment 

[0073] Fig. 1 5 shows the external appearance of a bio- 
electrical impedance measuring apparatus according to 

40 the fifth embodiment as viewed from a user. In the draw- 
ing, the same parts of the third embodiment are identi- 
fied by the same reference numerals (see Fig. 13). This 
measuring apparatus 110 is also designed to measure 
the bioelectrical impedance appearing two points se- 

45 lected on the forearm. The measuring apparatus 11 0 is 
a modification of third embodiment of Fig.1 3, which has 
two pairs of electrodes 43a, 43b, 44a and 44b placed 
on the ceiling of the semi-cylindrical dome like cover 
member 91 in stead of the forearm rest 42. Specifically, 

50 a current electrode 43b, a voltage electrode 44b, anoth- 
er voltage electrode 44a and another current electrode 
43a are parallel-fixed in the order named on the ceiling 
of the cover member 91 , which ceiling confronts the 
forearm rest 42 when the cover member 91 is closed. 

55 Each electrode 43a, 44a, 44b or 43b traverses the lon- 
gitudinal direction of the cover member 91 , and the elec- 
trode is so curved in conformity with the semi-cylindrical 
surface that they may be almost coplanar therewith. The 
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other parts arranged on the top surface of the housing 
41 are same as those of the third embodiment (see Fig. 
13). 

[0074] The major parts installed in the housing 41 are 
same as those of the third (or first) embodiment (see 
Fig.5). 

[0075] In this particular embodiment, the series of ac- 
tions taken for measuring the bioelectrical impedance 
of this embodiment are similar to those of the aforemen- 
tioned third embodiment (see Fig.6), except for step 11 . 
At step 11 the user closes the cover member 91 pivotally 
to sandwich his forearm between the cover member 91 
and the forearm rest 42, thus pushing the electrodes 
43a, 44a, 44b, 43b against his forearm. 
[0076] In this measuring apparatus 110, the ceiling of 
the cover member 91 , which ceiling confronts the fore- 
arm rest 42 in its closed position, has a semi-cylindrical 
shape, and the electrodes fixed thereon are so curved 
that they may be almost coplanar with the semi-cylindri- 
cal dome like surface. The cover member 91 can be ro- 
tated about its pivot axle with counter friction large 
enough to cause the user to feel some pleasing resist- 
ance when he raises his forearm. The pushing the elec- 
trodes against his forearm with such cover member as- 
sures that his forearm can be put in close contact with 
the electrodes. 

Sixth Embodiment 

[0077] Fig. 1 6 illustrates the external appearance of a 
bioelectrical impedance measuring apparatus accord- 
ing to the sixth embodiment as viewed from a user. In 
the drawing, the same parts as those of the third em- 
bodiment are identified by the same reference numerals 
(see Fig.13). The measuring apparatus 120 is also de- 
signed to measure the bioelectrical impedance on the 
forearm as in the third embodiment. The measuring ap- 
paratus 1 20 is a modification of the third embodiment of 
Fig.13, which has further paired current electrodes 
121a, 121b and paired voltage electrodes 122a, 122b 
placed on the ceiling of the semi-cylindrical dome like 
cover member 91. Specifically, a current electrode 
121b, a voltage electrode 122b, another voltage elec- 
trode 122a and another current electrode 121a are par- 
allel-fixed in the order named on the ceiling of the cover 
member 91 , which ceiling confronts the forearm rest 42 
when the cover member 91 is closed. These electrodes 
121b, 122b, 122a, 121 a are arranged in the same order 
and at same intervals as the counter electrodes fixed on 
the forearm rest 42. Each electrode 121b : 122b, 122a, 
121a traverses the longitudinal direction of the cover 
member 91 , and the electrode is so curved in conformity 
with the semi-cylindrical surface thatthey may be almost 
coplanar therewith. The otherparts arranged on the top 
surface of the housing 41 are same as those of the third 
embodiment (see Fig.13). 

[0078] The major parts installed in the housing 41 are 
similar to those of the third (or first) embodiment (see 



Fig.5), although the paired AC current output terminals 
66a and 66b are connected to the paired current elec- 
trodes 121a and 121b respectively. The same alternat- 
ing current is supplied to the two pairs of current elec- 

s trodes 121a, 121b, and 43a, 43b simultaneously, mak- 
ing one and the other confronting set of current elec- 
trodes 121a, 43a, and 121b, 43b to function as a single 
composite pair of current electrode. Accordingly, the 
paired voltage measurement terminals 68a and 68b are 

10 connected to the paired voltage electrodes 122a and 
122b respectively. The voltage appearing between the 
two pairs of voltage electrodes 122a, 122b, and 44a, 
44b is measured simultaneously, making one and the 
other confronting set of voltage electrodes 122a, 44a, 

*s and 122b, 44b to function as a single composite pair of 
voltage electrodes. 

[0079] In this particular embodiment, the series of ac- 
tions taken for measuring the bioelectrical impedance 
are similar to those of the third embodiment (see Fig.6), 
20 except for steps 11 and 12. At step 11 the user closes 
the cover member 91 pivotally to sandwich his forearm 
between the cover member 91 and the forearm rest 42, 
thus pushing the opposite sides of the forearm against 
the electrodes 43a, 44a, 44b : 43b and against the elec- 
ts trodes 121a, 122a, 122b, 121b. 

[0080] At step 12 the alternating current from the AC 
current output device 64 passes through the reference 
AC current detecting device 65 : the paired AC current 
output terminals 66a and 66b, and the composite pair 
30 of current electrodes 121a, 43a, and 121b, 43b, flowing 
in the body. On the other hand, a signal representing the 
voltage appearing between the composite pair of volt- 
age electrodes 1 22a, 44a, and 1 22b, 44b, which are ap- 
plied to four points selected on the body, is supplied to 
55 the voltage detecting device 69 via the paired voltage 
measurement terminals 68a and 68b. In the device 69 
the voltage appearing between the composite pair of 
voltage electrodes 122a, 44a, and 122b, 44b is detect- 
ed, and the so detected voltage is supplied to the second 
40 a/D converter 70. 

[0081] The semicircular curving of the cover member 
91, the semicircular curving of the electrodes 121a, 
122a, 121b, 122b, and the pleasing push of the cover 
member 91 against the forearm assure that the elec- 
ts trodes be put effectively in close contact with the fore- 
arm. Thanks to use of the composite pair of current elec- 
trodes 121a, 43a, and 121b, 43b, and the composite pair 
of voltage electrodes 122a, 44a, and 122b, 44b, the total 
electrode area to be in contact with the forearm is en- 
50 larged, thereby permitting current to flow deeply inside 
the forearm even if the current is of a high-frequency, 
and accordingly the bioelectrical impedance may be 
measured with accuracy. 

55 Seventh Embodiment 

[0082] Fig. 1 7 shows the external appearance of a bio- 
electrical impedance measuring apparatus according to 
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the seventh embodiment as viewed from the bottom 
side thereof, showing how some parts are arranged on 
the bottom side of the apparatus. Fig. 18 shows the ex- 
ternal appearance of the bioelectrical impedance meas- 
uring apparatus of Fig.17 as viewed from the top side 
thereof, showing how some parts are arranged on the 
top side of the apparatus. In these drawings, the same 
parts as those of the first embodiment are identified by 
the same reference numerals (see Fig.4). The measur- 
ing apparatus 130 is also designed to measure the bio- 
electrical impedance appearing between two selected 
points on the forearm. It is as large as the palm, permit- 
ting the user to hold it in one hand easily. It comprises 
the housing 41 which is of substantially rectangular-pla- 
nar shape as a whole. 

[0083] As shown in Fig.17, the bottom side of the 
housing 41 is a contact surface 134 to be applied to the 
forearm and looks like a semi-cylindrical trough extend- 
ing from the front to rear side of the housing 41 in the 
Figure. A current electrode 43b, a voltage electrode 44b, 
another voltage electrode 44a and another current elec- 
trode 43a are parallel-fixed on the semi-cylindrical con- 
tact surface 134 in the order named. Each electrode 
43a, 44a, 44b or 43b traverses the longitudinal direction 
of the forearm rest 42, and the electrode is so curved in 
conformity with the semi-cylindrical surface that they 
may be almost coplanar therewith. 
[0084] As shown in Fig. 1 8, on the top side of the hous- 
ing 41 there are provided a display part 47, input keys 
48 including a measurement start key 133, and a power 
"ON/OFF" key 132. The display part 47 shows some 
helpful guidance of operation, the progressing of meas- 
urement, the results of measurement, the results of 
arithmetic operation, and such like. The input keys 48 
enables the user to input data such as instructions for 
controlling the measuring apparatus 1 30 and user's per- 
sonal particulars required for measurements. Specifi- 
cally the measurement start key 133 enables the user 
to input a command to start a required measurement. 
The power "ON/OFF" key 132, which corresponds to the 
power "ON 11 and "OFF" keys 49a, 49b of the first em- 
bodiment, enables the user to make the measuring ap- 
paratus 130 turn on and off. 

[0085] Both corners of the top of the housing 41 ex- 
tending in the longitudinal direction of the housing 41 
are chamfered. Four indentations 131 are formed on 
these chamfered surfaces to align in the longitudinal di- 
rection of the housing 41 . Each indentation traverses the 
longitudinal direction of the housing 41 . 
[0086] The major parts installed in the housing 41 are 
same as those of the first embodiment (see Fig .5). 
[0087] The series of actions taken for measuring the 
bioelectrical impedance of this embodiment are similar 
to those of the first embodiment (see Fig.6), except for 
step 11 . At step 11 , a user holds the measuring appara- 
tus 130 in one hand, placing his fingers on the indenta- 
tions 131. Then, he applies the contact surface 134 to 
his forearm to put the electrodes 43a, 44a, 44b, 43b in 



20 

contact with his forearm. The measurement starts when 
he depresses the measurement start key 1 33 to input a 
command for starting the measurement. 
[0088] The contact surface 134 is like asemi-cylindri- 

5 cal trough : and the electrodes are so curved that they 
may be almost coplanar with the semi-cylindrical sur- 
face, thereby allowing his forearm to be put in close con- 
tact with the electrodes 43a, 44a, 44b, 43b. 
[0089] The measuring apparatus 130 is as large as 

10 the palm as a whole, permitting the user to hold it in one 
hand easily, and the indentations 131 for fingers facili- 
tates the holding of the measuring apparatus 1 30 in one 
hand. In making a required measurement it suffices that 
the measuring apparatus 1 30 be applied to one selected 

15 body region such as forearm. For these reasons a per- 
son who cares for disabled or sick people or children 
can conveniently use the measuring apparatus to make 
required measurements for them. 
[0090] Putting the forearm on the forearm rest 42 per- 

20 mits the forearm to be put in contact with the electrodes 
43a, 44a, 44b, 43b, which eliminates the inconvenienc- 
es of handling elongated cables and applying electrodes 
to the forearm in making a required measurement. Thus, 
the measuring apparatus 1 30 is very convenient to use . 

25 

Eighth Embodiment 

[0091] Fig.1 9 illustrates the external appearance of a 
bioelectrical impedance measuring apparatus accord- 

30 jng to the eighth embodiment as viewed from the top 
side thereof. In the drawing, the same parts as those of 
seventh embodiment are identified by the same refer- 
ence numerals (see Figs.17 and 18). This measuring 
apparatus 140 is also designed to measure the bioelec- 

35 trical impedance on the forearm as in the aforemen- 
tioned seventh embodiment. The measuring apparatus 
140 is a modification of seventh embodiment of Figs.17 
and 18; the arrangement of a display 47, a measuring 
start key 133 and a power "ON/OFF" key 132 are mod- 

40 ified. The display part 47 of this measuring apparatus 
140 is so arranged that the vertical direction of the dis- 
play part 47 is orthogonally traverse to the longitudinal 
direction of the contact surface 1 34. Such arrangement 
of the display part 47 facilitates the seeing of the infor- 

45 mation appearing on the display part 47 by the user 
thereof while the measuring apparatus 1 40 is being held 
in one hand by the user and applied to the other forearm. 
The measuring start key 133 and the power "ON/OFF" 
key 1 32 are arranged on one of the chamfered surfaces. 

50 Such arrangement of these keys facilitates the depres- 
sion of these keys with fingers while holding the meas- 
uring apparatus 140 in one hand. The other external 
parts of the measuring apparatus 140 are same as those 
of the seventh embodiment (see Figs.17 and 18). 

55 [0092] The major parts installed in the housing 41 are 
same as those of the seventh (or first) embodiment (see 
Fig.5). 

[0093] The series of actions taken for measuring the 
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bioelectrical impedance of this embodiment are similar 
to those of the seventh embodiment (see Fig.6). 

Ninth Embodiment 

[0094] Fig.20 illustrates the external appearance of a 
bioelectrical impedance measuring apparatus accord- 
ing to the ninth embodiment as viewed from the top side 
thereof, showing how some parts are arranged on the 
top side of the housing 41. Fig.21 illustrates the external 
appearance of the bioelectrical impedance measuring 
apparatus of Fig.20 as viewed from the bottom side 
thereof, showing how some parts are arranged on the 
bottom side of the housing 41 . Fig.22 shows how the 
bioelectrical impedance is measured with the bioelectri- 
cal impedance measuring apparatus of Fig.20. In these 
drawings, the same parts as those of the first embodi- 
ments are identified by the same reference numerals 
(see Fig.4). 

[0095] As shown in Fig.22, the measuring apparatus 
150 is designed to measure the bioelectrical impedance 
appearing between two selected points on the forearm 
while applying the measuring apparatus 1 50 to the fore- 
arm by holding it in one hand. The measuring apparatus 
150 looks like a handset of standard table telephone, 
which handset includes a stick-like grip portion having 
a substantially rectangular shape in section and two pro- 
jections projecting from both opposite ends of the grip 
portion in the same direction to form a recess surround- 
ed by the grip portion and the two projections. 
[0096] As show in the Figs.20 to 22, the housing 41 
is as large as the palm, permitting the user to hold it in 
the hand easily. The housing 41 includes two contact 
surfaces 154a and 154b to be applied on the forearm, 
and a grip portion 152 to be held in the hand. A charging 
electrode 1 55a, a current electrode 43a, a voltage elec- 
trode 44a, another voltage electrode 44b, another cur- 
rent electrode 43b, another charging electrode 1 55b are 
fixed on the contact surfaces 154a, 154b in the order 
named to align in the longitudinal direction of the hous- 
ing 41 . Each of the current and voltage electrodes 43a, 
43b, 44a, 44b traverses the longitudinal direction of the 
housing 41 . A recess 153 is formed in such a way be- 
tween the paired voltage electrodes 44a and 44b, or be- 
tween two contact surfaces 154a and 154b that the 
measuring apparatus 150 has an arch-like shape. The 
recess 153 permits the contact surface space to be re- 
duced so that the contact surface exists only near the 
circumference of the electrodes 1 55a, 43a, 44a, 44b, 
43b, 155b by permitting the electrode-free contact sur- 
face space to be eliminated from the contact surface 
space. Also, the recess 1 53 permits the grip portion 1 52 
to have a shape facilitating the holding thereof. 
[0097] On the top side of the housing 41 , a display 
part 47, and input keys 48 are provided. The display part 
47 shows some helpful guidance of operation, the pro- 
gressing of measurement, the results of measurement, 
the results of arithmetic operation, and such like. The 



display part 47 of this measuring apparatus 150 is so 
arranged that the vertical direction of the display part 47 
is orthogonally traverse to the longitudinal direction in 
which the electrodes 155a, 43a, 44a, 44b, 43b, 155b 

5 are aligned side by side. Such arrangement of the dis- 
play part 47 facilitates the seeing of the information ap- 
pearing on the display part 47 by the user thereof while 
the measuring apparatus 150 is being held in one hand 
by the user and applied to the other forearm. 

10 [0098] The measuring apparatus 1 50 may be charged 
with electricity by laying it on the charger 156 with its 
charging electrodes 155a, 155b put in contact with the 
terminals (not shown) of the charger 156. In charging 
the charger 156 is connected to the outlet via its electric 

15 cord 157. 

[0099] The major parts installed in the housing 41 are 
similar to those of the first embodiment (see Fig.5), al- 
though a pair of charging terminals 62a, 62b are includ- 
ed in the first section and the power supply terminal 62 

20 is not included in it. The power distributor 61 is charged 
through a pair of charging electrodes 155a, 155b. It, in 
responsive to a start or stop command inputted by the 
depression of the input keys 48, starts or stops electric 
power supply to each part of the measuring apparatus 

25 150. 

[0100] In this particular embodiment, the series of ac- 
tions taken for measuring the bioelectrical impedance 
are similar to those in the first embodiment (see Fig.6), 
except for step11 . At step 11 , the user holds the meas- 
30 uring apparatus 1 50 in one hand and applies the contact 
surface 154a, 154b to his forearm to put the electrodes 
43a, 44a, 44b, 43b in contact with his forearm. The 
measurement starts when he depresses the input keys 
48 with a finger of the hand holding this measuring ap- 
35 paratus 150 to input a command for starting the meas- 
urement. 

[0101] This measuring apparatus 150 is as large as 
the palm, permittingthe userto hold it in one hand easily. 
The grip portion 1 52 is so shaped that the user can hold 
to rt in one hand easily. These facilitate the holding of the 
measuring apparatus 150 in one hand by allowing the 
fingers to insert in the recess 153. 
[0102] Advantageously the limited contact areas can 
be closely applied to the muscular forearm because of 
45 absence of the contact surface intervening between the 
voltage electrodes 44a and 44b, which would be inter- 
fered with brawny rises, thereby making the contact sur- 
faces 154a and 154b float above the forearm. Also, the 
electrodes 43a, 43b, 44a, 44b on the contact surface 
50 can be applied to the forearm under controlled pressure. 
[0103] The display part 47 of this measuring appara- 
tus 1 50 is so arranged that the vertical direction of the 
display part 47 is orthogonally traverse to the longitudi- 
nal direction of the contact surface 154a, 154b. Such 
55 arrangement of the display part 47 facilitates the seeing 
of the information appearing on the display part 47 while 
the measuring apparatus 150 is being held in one hand 
by the user thereof and applied to the other forearm. 



35 



40 



45 



50 



12 



1138259A2 I > 



II 



23 



EP 1 138 259 A2 



24 



[0104] The measuring apparatus 150 is as large as 
the palm, permitting the user to hold it with one hand 
easily, and its grip portion 1 52 is so shaped that the user 
can hold it easily. In making a required measurement it 
suffices that the measuring apparatus 150 be applied to 
one selected body region such as forearm, which elim- 
inates the inconveniences of handling elongated cables 
and applying electrodes to the forearm. For these rea- 
sons a person who cares for disabled or sick people or 
children can conveniently use the measuring apparatus 
to make required measurements for them. 
[0105] The aforementioned first to ninth embodiments 
may be modified in various ways as for instance follows. 
[0106] The first to ninth embodiments are designed 
to measure the bioelectrical impedance appearing be- 
tween two points selected on one forearm. Measure- 
ment of bioelectrical impedance may be effected on any 
selected body region such as the part of either leg below 
the knee and above the ankle. It. should be noted that 
the paired different electrodes be so apart from each 
other that only one selected body region between joints 
may be allowed to traverse and contact them, thereby 
assuring that the part under measurement be put in sta- 
tionary position. 

[0107] In the first to ninth embodiments, as referred 
to above, the extra-cellular water, intra-cellular water 
and such like can be calculated from the measured bio- 
electrical impedance. Pulse and blood pressure may be 
calculated from the measured bioelectrical impedance, 
also. 

[0108] The first to eighth embodiments are de- , 
scribed as having a semi-cylindrical trough-like forearm 
rest, which should not be understood as being limitative; 
flat plate or any other shaped object may be used as 
long as the one selected body region may be placed to 
be in close contact with the electrodes. 
[0109] The measuring apparatus according to the 
first to sixth embodiments may be so modified that it 
may be equipped with two opposite extendable sliders 
having a stick grip or an elbow rest respectively for mak- 
ing the forearm take same position for each measure- 
ment more accurately. The stick-like grip may extends 
horizontal rather than vertical in the first embodiment. 
Specifically the horizontal grip may cross the longitudi- 
nal direction of the trough-like forearm rest. With this ar- 
rangement the forearm can be laid on the rear side, al- 
lowing the electrodes to be put in contact with the hair- 
less side of the forearm. This contributes to improve- 
ment of accuracy in measurement. The measuring ap- 
paratus may be modified to measure the bioelectrical 
impedance appearing between two points selected on 
the part of either leg below the knee and above the ankle 
instead of the forearm by using a heel rest as a position- 
ing member. 

[0110] The thirdXo sixth embodiments are described 
as having a semi-cylindrical dome-like cover member, 
which should not be understood as being limitative; flat 
plate or any other shaped object may be used as long 



as the cover member may push the one selected body 
region against the electrodes well, or specifically in the 
fifth to sixth embodiments having the electrodes fixed 
on the cover member, the electrodes may be put in close 

5 contact with the forearm. 

[0111] In the third to sixth embodiments, the cover 
member is pivotally fixed to the forearm rest with friction 
large enough to prevent the cover member from rotating 
or opening easily, a latch member or such like may be 

10 provided to prevent the cover member from rotating or 
opening easily. The length of such latch member may 
be adjustable, as the size of the body varies with indi- 
viduals. The cover member may be formed of an elastic 
material such as a rubber band. One end of the elastic 

15 cover member may be permanently fixed to the forearm 
rest, and the other counter end may be releasably fixed 
to the forearm rest by a latch member or such like. The 
press member may be formed of a flexible material such 
as fabric or cloth. The one end of the flexible cover mem- 

20 ber may be permanently fixed to the forearm rest, and 
the other counter end may be releasably fixed to the cov- 
er member itself by a hook or such like after lapping the 
one selected body region under measurement in the 
flexible cover member. 

25 [0112] The seventh Xo eighth embodiments are de- 
scribed as having a substantially rectangular-planner 
housing, the housing may be of any other shape such 
as polygonal prism including triangular prism, trough, 
and semi-cylinder. 

30 [0113] In the seventh to ninth embodiments, the dis- 
play part is provided on the top surface confronting the 
contact surface, which should not be understood as be- 
ing limitative; the display part may be so placed on any 
selected surface other than the contact surface as long 

35 as the user is able to easily see while applyi ng the meas- 
uring apparatus to the one selected body region. 
[0114] The ninth embodiment is described as having 
the handgrip which is so formed to surround the recess. 
As a substitute of such handgrip, a knob or a handle 

40 which is so shaped to hold it by one hand easily may be 
provided on the surface confronting the contact surface. 
[0115] The ninth embodiment is described as having 
the charging electrodes on the contact surface. Prefer- 
ably, the charging electrodes may be provided on any 

45 .selected surface other than the contact surface. Such 
arrangement of the charging electrodes permits the con- 
tact surface area to be reduced and thus, the so reduced 
contact surface contributes to put the current and volt- 
age electrodes in close contact with one selected body 
50 region. 

[0116] The measuring apparatus of the ninth embod- 
iment is rechargeable, which is preferable in view of op- 
erability. Alternatively, the measuring apparatus may be 
so modified to be dry battery-powered, or to be powered 
55 by connecting to the outlet via its electric cord. 
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Tenth Embodiment 

[01 1 7] The tenth embodiment relates to a bioelectrical 
impedance measuring apparatus which measures the 
bioelectrical impedance of a living body, and relates to s 
a bioelectrical impedance measuring apparatus which 
measures body fat, body water, pulse, blood pressure 
and such like as well as bioelectrical impedance of a 
living body. Particularly, it relates to a hand-held elec- 
trode type of bioelectrical impedance measuring appa- 10 
ratus. In use of such type of the measuring apparatus a 
user raises it by both hands while positioning the palms 
to substantially confront each other at a predetermined 
interval. 

[0118] An example of such type of bioelectrical im- 15 
pedance measuring apparatus is shown in Fig.2. As 
shown in the drawing, the measuring electrode appara- 
tus 20 has a pair of current electrodes 22a, 22b and a 
pair of voltage electrodes 23a, 23b placed on its oppo- 
site grips 21 a, 21b. In measuring bioelectrical imped- 20 
ance, a user positions both palms to substantially con- 
front each other at a predetermined distance, and holds 
the paired grips 21a, 21b to put the fingers in contact 
with the electrodes 22a : 22b, 23a, 23b. Then, he raises 
the measuring apparatus 20 by both hands while stand- 25 
ing up and stretching both arms frontward of the body 
in approximately horizontal direction. 
[0119] In this conventional bioelectrical impedance 
measuring apparatus 20, it is difficult to orient and keep 
the hands holding the grips in correct position while ef- 30 
fecting a required measurement or at every occurrence 
of measurement. 

[0120] The measurement is made while putting both 
hands, particularly fingers, in contact with the elec- 
trodes , and tl ius the total electrode area to be in contact 35 
with the hands may be so small that the contact resist- 
ance at the electrode area is enlarged, which causes 
inaccurate measurement. 

[0121] As the measuring apparatus is held and raised 
in both hands, particularly fingers while effecting a re- 40 
quired measurement, unnecessary force is applied to 
joints of wrists or arms, which causes inaccurate meas- 
urements. In addition, the holding of the measuring ap- 
paratus in both hands causes the user to drop the meas- 
uring apparatus during measurement. 45 
[0122] Thus, it is an object of the bioelectrical imped- 
ance measuring apparatus of this embodiment to pro- 
vide an improved bioelectrical impedance measuring 
apparatus which is capable of measuring bioelectrical 
impedance accurately and which is not dropped during so 
measurement. 

[0123] To attain this object, an improved hand-held 
electrode type of bioelectrical impedance measuring ap- 
paratus is provided. It comprises: a pair of thumb-insert 
apertures in which both thumbs may be inserted respec- 55 
tively; a pair of thumb electrodes so placed that the 
thumbs inserted in the apertures may be put in contact 
with them respectively; a pair of palm electrodes so 



placed that both palms may be put in contact with them 
respectively; an alternating current supplying device AC 
which supplies the paired thumb electrodes; a voltage 
measuring device which measures the voltage appear- 
ing between the pair of palm electrodes; and the arith- 
metic unit which calculates the bioelectrical impedance 
according to the supplying alternating current and the 
measured voltage. 

[01 24] Rg.23 shows the external appearance of a bio- 
electrical impedance measuring apparatus according to 
the tenth embodiment of the present invention, showing 
how some parts are arranged on the front face of the 
housing 161. The measuring apparatus 160 is so 
shaped and so sized that a user raises ft by both hands 
while positioning the palms to substantially confront 
each other at a predetermined interval. 
[0125] The housing 161 is of substantially box shape. 
On the left side of the housing 1 61 , a left thumb-insert 
aperture 162a is so formed that it substantially linearly 
penetrates the housing 1 61 from left upper portion of the 
front face of the housing 161 to left upper portion of the 
rear face of the housing 161. A cylindrical left-thumb 
electrode 1 63a is so provided to cover the whole wall of 
the left-thumb-inset aperture 1 62a. A left-palm electrode 
164a is provided under the left-thumb-insert aperture 
162a to cover the left side portion of the housing 161. 
[0126] Correspondingly, on the right side of the hous- 
ing 1 61 , a right-thumb-insert aperture 1 62b is so formed 
that it substantially linearly penetrates the housing 161 
from right upper portion of the front face of the housing 
1 61 to right upper portion of the rear face of the housing 
161 . A cylindrical right-thumb electrode 163b is so pro- 
vided to cover the whole wall of the right-thumb-inset 
aperture 162b. A right-palm electrode 164b is provided 
under the right-thumb-insert aperture 162b to cover the 
right side portion of the housing 1 61 . 
[01 27] On the front face of the housing 161, there are 
provided a display part 165, an operation key 166, and 
a power "ON/OFF" key 1 67. The display part 1 65 shows 
some helpful guidance of operation, the progressing of 
measurement, the results of measurement, the results 
of arithmetic operation, and such like. The operation key 
166 enables the user to data such as instructions for 
controlling the measuring apparatus 160 and user's per- 
sonal particulars required for measurements. The pow- 
er "ON/OFF" key 167 enables the user to make the 
measuring apparatus 160 turn on and off. 
[0128] The major parts installed in the housing 161 
are same as those of the first embodiment (see Fig.5). 
In referring to Fig. 5 and the associated description 
thereof, it should be noted that the left and right-thumb 
electrodes 1 63a and 1 63b correspond the pair of current 
electrodes 43a, 43b of the first embodiment, and the left 
and right-palm electrodes 164a and 164b correspond 
the pair of voltage electrodes 44a, 44b of the first em- 
bodiment. The display part 161 , the operation key 166 
and the power °ON/OFF" key correspond to the display 
part 47, the input keys 48 and the power "ON" and "OFP 



1138259A2 I > 



14 



27 



EP 1 138 259 A2 



28 



keys 49a, 49b of the first embodiment respectively. 
[0129] In this particular embodiment, the series of ac- 
tions taken for measuring the bioelectrical impedance 
of this embodiment are similar to those of the aforemen- 
tioned first embodiment (see Fig.6), except for step 11 . 
At step 11 , the user puts the measuring apparatus 160 
in front of him to confront the front face of the housing 
161 , and inputs a command to start the measurement 
by depressing the operation key 1 66. The left and right 
thumbs are inserted in the left and right-thumb-insert ap- 
ertures 1 62a and 1 62b respectively, and the so inserted 
thumbs are put in contact with the left and right-thumb 
electrodes 163a and 163b respectively. The left and 
right palms are put in contact with the left and right-palm 
electrodes 164a and 164b respectively. When putting 
both hands on this measuring apparatus 160 in this 
manner, both palms are consequently positioned to sub- 
stantially confront each other at a predetermined inter- 
val on both sides of this measuring apparatus 160. 
Keeping this position, this measuring apparatus 160 is 
raised with holding it from both sides in both hands, par- 
ticularly palms, and the measurement is made while 
standing up and stretching both arms frontward of the 
body in approximately horizontal direction. 
[0130] The thumbs of both hands are inserted in the 
thumb-insert apertures 1 62a, 1 62b, which has the effect 
of orienting and keeping both hands in correct position 
while effecting a required measurement and at every oc- 
currence of measurement. 

[0131] Both hands, particularly the palms are put in 
contact with the left and right-palm electrodes 1 64a and 
164b respectively in using the measuring apparatus 
1 60, while particularly fingers are put in contact with the 
electrodes in using the conventional measuring appara- 
tus. Thus, the total electrode area to be in contact with 
the hands is enlarged in using the measuring apparatus 
1 60, making the contact resistance at the electrode area 
smaller. 

[0132] Thanks to the insertion of both thumbs in the 
apertures during measurement, even if the user loses 
his strength of palms, this measuring apparatus may be 
caught by the thumbs, thus preventing it from dropping. 
[0133] The thumb electrodes are used as the current 
electrodes, and the palm electrodes are used as the 
voltage electrodes. Alternatively, the thumb electrodes 
may be used as the voltage electrodes, and the palm 
electrodes may be used as the current electrodes. 
[0134] The thumb electrodes are so placed to cover 
the whole wall of the thumb-insert apertures. Alterna- 
tively, the thumb electrodes may be so arranged to cover 
only the bottom part of the walls as long as the inserted 
thumbs may be put in contact with them. 
[01 35] The measuring apparatus 1 60 is powered from 
the external power source by connecting it to the outlet 
via its electric cord for example. Alternatively, it may be 
rechargeable or dry battery-powered. 
[0136] The extra-cellular water, intra-cellular water 
and such like can be calculated from the measured bio- 



electrical impedance. Pulse and blood pressure may be 
* calculated from the measured bioelectrical impedance, 
also. 



Claims 

1. A bioelectrical impedance measuring apparatus 
(40; 80; 90; 100; 110; 120; 130; 140; 150) charac- 

10 terized in that it comprises: 

a housing (41) having a contact surface (42; 

1 34; 1 54a, 1 54b) to be applied to one selected 

body region, the housing (41) having an alter- 
15 nating current supplying device (64), a voltage 

measuring device (69) and an arithmetic unit 

(51) equipped therewith; 

a first pair of current electrodes (43a, 43b) so 

placed on the contact surface (42; 134; 154a, 
20 154b) that the one selected body region may 

be put in contact with the current electrodes 

(43a, 43b); and 

a first pair of voltage electrodes (44a, 44b) so 
placed on the contact surface (42; 134; 154a, 
25 154b) between the pair of current electrodes 

(43a, 43b) that the selected one body region 
may be put in contact with the voltage elec- 
trodes (44a, 44b); 

the alternating current supplying device (64) 
30 supplying the first pair of current electrodes 

(43a, 43b) with alternating current; 
the voltage measuring device (69) measuring 
the voltage appearing between the pair of volt- 
age electrodes (44a, 44b); and 
35 the arithmetic unit (51) calculating the bioelec- 

trical impedance from the supplying alternating 
current and the measured voltage. 

2. A bioelectrical impedance measuring apparatus 
40 (40; 80; 90; 100; 110; 120;) according to claim 1 

wherein the housing (41 ) includes a rest (42) whose 
uppersurface defines the contact surface (42) to be 
applied to the selected one body region , the contact 
surface (42) being like a semi-cylindrical trough, 
45 and the current and voltage electrodes (43a, 43b, 
44a, 44b) being so curved that they may be almost 
coplanar with the semi-cylindrical contact surface 
(42). 



50 3. 



55 



A bioelectrical impedance measuring apparatus 
(90; 100; 120) according to claim 1 or 2 wherein it 
further comprises a cover member (91) capable of 
pushing the one selected body region against the 
two pairs of electrodes (43a, 43b, 44a, 44b). 

A bioelectrical impedance measuring apparatus 
(120) according to claim 3 wherein: 
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a second pair of current electrodes (121a, 
121b) and a second pair of voltage electrodes 
(122a, 122b) are placed on the surface of the 
cover member (91 ) which surface confronts the 
contact surface (42) of the rest (42), the second 5 
electrodes (121a, 121b, 122a, 122b) being ar- 
ranged in the same order and at same intervals 
as the counter first electrodes (43a, 43b, 44a, 
44b), thus sandwiching the one selected body 
region therebetween; 10 
the alternating current supplying device (64) 
supplies one and same alternating current to 
the first and second pairs of current electrodes 
(43a, 43b, 121a, 121b) simultaneously, making 
the two sets of confronting current electrodes *5 
(43a, 43b, 121a, 121b) function as a single 
composite pair of current electrodes; and 
the voltage measuring device (69) measures 
the voltage appearing between the first and 
second pairs of voltage electrodes (44a, 44b, 20 
1 22a, 1 22b), making the two sets of confronting 
voltage electrodes (44a, 44b, 1 22a, 1 22b) func- 
tion as a single composite pair of voltage elec- 
trodes. 

25 

5. A bioelectrical impedance measuring apparatus 
(40; 80; 90; 100; 110; 120) according to any of 
claims 2 to 4 wherein it further comprises a position- 
ing member (46; 82) which permits the one selected 
body region to be put in correct position, the posi- 30 
tioning member (46, 82) being capable of effecting 

so positional adjustment as to fit on the one selected 
body region. 

6. A bioelectrical impedance measuring apparatus 35 
(40; 80; 90; 100; 110; 120) according to claim 5 
wherein the one selected body region is the right or 

left forearm, and the positioning member (46; 82) is 
a hand grip (46) and/or an elbow rest (82). 

40 

7. A bioelectrical impedance measuring apparatus 
(1 1 0) according to claim 1 wherein the housing (41 ) 
includes a rest (42) whose upper surface defines 
the contact surface (42) to be applied to the one se- 
lected body region, and a cover member (91) pivot- 45 
ally fixed to one longitudinal edge of the rest (42), 
thereby permitting the one selected body region to 

be sandwiched between the rest (42) and the cover 
member (91 ) which is put in its closed position; and 
the first pairs of current and voltage electrodes (43a, so 
43b, 44a, 44b) are placed on the surface of the cov- 
er member (91) instead of the contact surface (42) 
to push the two pairs of electrodes (43a; 43b; 44a; 
44b) against the one selected body region lying on 
the contact surface (42) of the rest (42). 55 

8. A bioelectrical impedance measuring apparatus 
(110) according to claim 7 wherein it further com- 



prises a positioning member (46) which permits the 
one selected body region to be put in correct posi- 
tion, the positioning member (46) being capable of 
effecting so positional adjustment as to fit on the 
one selected body region. 

9. A bioelectrical impedance measuring apparatus 
(1 1 0) according to claim 8 wherein the one selected 
body region is the right or left forearm, and the po- 
sitioning member (46) is a hand grip (46) and/or an 
elbow rest. 

10. A bioelectrical impedance measuring apparatus 
(40; 80; 90; 100; 110; 120; 130; 140; 150) according 
to claim 1 wherein the one selected body region is 
the right or left forearm. 

11. A bioelectrical impedance measuring apparatus 
(40; 80; 90; 100; 110; 120; 130; 140; 150) according 
to claim 1 wherein the one selected body region is 
the part of the right or left leg below the knee and 
above the ankle. 

12. A bioelectrical impedance measuring apparatus 
(130; 140; 150) according to claim 1 wherein it fur- 
ther comprises a display (47) placed on a selected 
place of the housing (41) other than the contact sur- 
face (134; 154a, 154b). 

13. A bioelectrical impedance measuring apparatus 
(130; 140; 150) according to claim 12 wherein the 
housing (41 ) is so shaped and sized that a user can 
hold it in one hand while applying the contact sur- 
face (134; 154a; 154b) to the one selected body re- 
gion, still permitting the display (47) to remain in 
sight. 

14. A bioelectrical impedance measuring apparatus 
(130; 140; 150) according to claim 13 wherein the 
housing (41) has indentations (131) formed on its 
opposite sides, on which indentations (131) the fin- 
gers are placed, thereby facilitating the holding of 
the housing (41) in one hand. 

15. A bioelectrical impedance measuring apparatus 
(130; 140; 150) according to any one of claims 12 
to 1 4 wherein the display (47) is so arranged that 
the vertical direction of the display (47) is orthogo- 
nally traverse to the direction in which the first pairs 
of current and voltage electrodes (43a; 43b; 44a; 
44b) are aligned side by side, thereby facilitating the 
seeing of the information appearing in its screen. 

16. A bioelectrical impedance measuring apparatus 
(150) according to claim 1 wherein: 

the housing (41) has a display (47) placed at a 
selected place other than the contact surface 
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(154a, 154b) and a grip portion (152); 
a recess (153) is so formed between the first 
pair of voltage electrodes (44a, 44b) that the 
contact surface space is reduced. 

17. A bioelectrical impedance measuring apparatus 
(150) according to claim 16 wherein the housing 
(41) is so shaped and sized that a user can hold it 
with one hand while applying the contact surface 
(154a, 154b) to the one selected body region, still 
permitting the display (47) to remain in sight. 

18. A bioelectrical impedance measuring apparatus 
(150) according to claim 16 or claim 17 wherein the 
grip portion (152) is so formed to surround the re- 
cess (153), thereby facilitating the holding of the 
housing (41) in one hand. 

19. A bioelectrical impedance measuring apparatus 
(1 50) according to any one of claims 1 6 to 1 8 where- 
in the display (47) is so arranged that the vertical 
direction of the display (47) is orthogonally traverse 
to the direction in which the first pairs of current and 
voltage electrodes (43a, 43b, 44a, 44b) are aligned 
side by side, thereby facilitating the seeing of the 
information appearing in its screen. 
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phase difference between the phase of the sup- 
plying alternating current and the phase of the 
measured voltage. 

23. A bioelectrical impedance measuring apparatus 
(40; 80; 90; 100; 110; 120; 130; 140; 150) according 
to claim 21 or 22 wherein the arithmetic unit (51) 
further calculates at least one of the ratio between 
extra-cellular water and intra-cellular water, the ra- 
tio of body water and extra-cellular water, intra-cel- 
lular water, extra-cellular water, body water, or body 
fat. 



20. A bioelectrical impedance measuring apparatus 
(40; 80; 90; 100; 110; 120; 130; 140; 150) according 
to claim 1 wherein the arithmetic unit (51) further 
calculates at least one of body fat, body water, 
pulse, or blood pressure. 
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21. A bioelectrical impedance measuring apparatus 
(40; 80; 90; 100; 110; 120; 130; 140; 150) according 
to claim 1 wherein: 



35 



the alternating current supplying device (64) 
supplies a plurality of alternating currents of dif- 
ferent frequencies; 

the voltage measuring device (69) measures 
the voltage every time when an alternating cur- 
rent of selected frequency is supplied; and 
the arithmetic unit (51) calculates the bioelec- 
trical impedance values from each alternating 
current and corresponding voltage. 
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22. A bioelectrical impedance measuring apparatus 
(40; 80; 90; 100; 110; 120; 130; 140; 150) according 
to claim 1 wherein: 
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the alternating current supplying device (64) 
supplies an alternating current of a single fre- 
quency; 

the voltage measuring device (69) further 
measures the phase of the voltage measured 
by it; and 

the arithmetic unit (51) further calculates the 
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